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Introduction {#sec1-1}
============

Seafood is an important part of a healthy diet (Altekruse *et al*., [@ref1]; Trondsen *et al*., [@ref30]) and nutritionists often highlight the importance of fish for human nutrition because of their protein and fatty acid composition. On the other hand fresh fish could be infested by zoonotic parasites (Cipriani *et al*., [@ref5]; Giarratana *et al*., [@ref8], [@ref9]; Anastasio *et al*., [@ref2]) or could contain traces of environmental contaminants such as PAHs (Marrone *et al*., [@ref22], [@ref23]), antibiotics (Smaldone *et al*., [@ref29]) or other compounds (Mercogliano *et al*., [@ref24]). Fresh fish is a highly perishable product, given its particular composition, the high water content and the fishing techniques. In this context, it is important to store fish in optimal conditions in order to prolong the shelf-life preserving their nutritional characteristics. Besides the short shelf-life, two important factors represent a barrier to fresh fish consumption: the consideration of seafood product as a time-consuming meal (Trondsen *et al*., [@ref30]) and the scarce appeal of fresh fish for children (notoriously not prone to this foods especially in inland areas). A strategic solution to overcome the problem has been to direct the consumer preferences towards fast food consumption. Street foods like *fish and chi*ps or fish-based products like fish balls and fish burgers, products with high convenient quality, could increase fish consumption and face off the modern consumer demand (Herborg, [@ref12]; Sipos *et al*., [@ref28]; Siaw *et al*., [@ref27]; Ihm *et al*., [@ref16], [@ref17]; Jensen, [@ref18]; Lazos, [@ref19]; Ariano *et al*., [@ref4]). At the moment for fish burger production fresh or frozen seafood from freshwater-farmed fish are generally used due to their less pronounced flavour and high fat content. In order to stimulate the utilisation and consumption of fish species by unusual target groups such as children, the aim of this research was to formulate and to evaluate the shelf-life and nutritional values of fish preparations packed in modified atmosphere (MAP).

Materials and Methods {#sec1-2}
=====================

Fish burger preparation {#sec2-1}
-----------------------

Fish species used for the trails were *Trachurus trachurus* (horse mackerel, HM) and *Oncorhynchus mykiss* (rainbow trout, RT) fished and farmed in Basilicata region, respectively. After catch the fish were packed in insulated polystyrene boxes with ice and delivered, within 3 h from harvest, to the Food Chemistry laboratory of the Department of Veterinary Medicine and Animal Production, University of Naples Federico II. An aliquot was analysed for physical-chemical and microbial parameters and the remaining aliquots were delivered in 2 hours to a food factory for fish burger preparation.

Skin-off fillets of both species were weighed and mixed in order to obtain a fish burger with ratio fish/other ingredients of 60:40 (w/w). In order to obtain a product with balanced composition of micro and macronutrients different ingredients of vegetable and animal origin such as beet, potato, rice, beans, cheese and spices (turmeric and cinnamon, in particular) were added. The fish burgers were prepared manually for a final weight of 40±5 g, packed in high-barrier plastic bags (Nylon/Polyethylene) and divided in control samples in air (HM-C and RT-C), and MAP samples (HM-MAP and RT-MAP) having the following gas mix composition: 5:60:35 O~2~:CO~2:~N~2.~ All samples were stored at refrigeration temperature. Fish burgers were prepared without the addition of chemical additives.

Sensory evaluation and panel test {#sec2-2}
---------------------------------

To evaluate the sensory quality of fish burgers a scheme developed by Paulus *et al*. ([@ref25]) was used. All fish burgers (HM-C, RT-C, HM-MAP and RT-MAP) were cooked on electric grill for 4-5 minutes and served to ten panellists to evaluate the organoleptic characteristics (colour, odour, flavour, spice, texture, overall acceptability). The test evaluation uses a 9-point scale with a score of 7 to 9 for high quality products, 4 to 6 for middle quality and 1 to 3 for an unacceptable one. A panel test was designed and developed using *emoticons* that express five emotional states, in order to be easily understood by children aged between 3 and 5 years. The panel test was done by 27 children of a nursery school who did not know the ingredients of fish burgers.

Physical-chemical analyses {#sec2-3}
--------------------------

Parameters as pH, a~w~, total volatile basic nitrogen (TVB-N), trimethylamine (TMA), free fatty acids (FFA) and thiobarbituric acid test (TBA) were evaluated. For labelling purposes, according to EU Reg.1169/2011, total fat content, total saturated fat, sugars, carbohydrates, proteins, NaCl and energy were determined according to AOAC ([@ref3]). All analyses were conducted in duplicate.

Microbiological analyses {#sec2-4}
------------------------

Aerobic plate count (APC) at 5°, 20° and 32°C; Enterobacteriaceae; *E.coli*; *Pseudomonas spp.*; sulphite-reducing clostridia; *Staphylococci*; *Salmonella spp*. and *Listeria monocytogenes* were researched according to the International Commission on Microbiological Specifications for Foods (ICMSF, [@ref14]). During storage at 4°C all analyses were performed at day 0 (raw materials), 1, 5, 8, 15, 22.

Results {#sec1-3}
=======

Panel test {#sec2-5}
----------

Panel test gave similar results for the two different types of fish burgers. Over 85% of children expressed high appreciation of both fish burger preparations and said they would eat the burgers again.

Sensory evaluation {#sec2-6}
------------------

The HM-MAP and RT-MAP fish burgers showed good organoleptic characteristics until the 18^th^ day from production, presenting lively and bright colours, good texture, smell and pleasant flavour ([Figure 1](#fig001){ref-type="fig"}) and absence of liquid in the package. The same preparations exhibited a complete decay of the organoleptic properties on the 20^th^ day given the progressively decreased texture, the smell modifications and the presence of small blackish spots. In the control samples a rapid decline of the sensory parameters were observed from day 5 since they showed an acrid odour and less consistency. Maximum decay occurred on the 12^th^ day.

Physical-chemical analyses {#sec2-7}
--------------------------

In HM fish burger pH levels ranged from values of 6.12 and 6.01 on the 1^st^ day of sampling to a final value of 4.92 on 15^th^ day and 4.94 on 22^nd^ day of storage for the HM-MAP and HM-C, respectively. In RT fish burger pH levels ranged from values of 6.14 and 5.93 on the 1^st^ day of sampling to a final value of 5.34 on 15^th^ day and 4.97 on 22^nd^ day of storage for the RT-MAP and RT-C, respectively. Both types of fish burger showed similar behaviour with a reduction of the pH value starting from 8^th^ day of storage.

Levels of a~w~ of the HM-C and RT-C ranged from 0.983 and 0.9816 to a final value of 0.9803 and 0.9753, respectively. Fish burger packaged in modified atmosphere showed a different behaviour. In fact a~w~ was constant until the 5^th^ day of storage, then raised up to 15^th^ day, probably due to condensation inside the package.

TBA test showed a similar behaviour in both types of samples with an increase from the 2^nd^ day of storage reaching the peak on the 5^th^ day of storage. Then a steady decrease was observed until the end of the experimentation. Starting from the 5^th^ day, the values of control samples were lower than those MAP samples; however, no samples exceeded the maximum limit of 2 mg/kg of malonaldehyde reported in literature (Connell, [@ref6]).

Regarding the FFA, the oleic acid percentage in control samples were constant up to the 8^th^ day of storage and showed a sudden increase on the 15^th^ day. On the contrary, the values of the MAP fish burgers remained constant throughout the experimental period.

TVB-N levels of raw material start from 9.18 mg/100 g and 8.81 mg/100 g in HM and RT fish burgers, respectively, whereas the TMA was undetectable ([Figure 2](#fig002){ref-type="fig"}). These analyses showed the same behaviour in the four types of samples with superim-posable values until the 5^th^ day. An increase in samples from the 8^th^ day (\>30 mg/100 g for the TVB-N and \>15 mg 100 g for TMA in HM fish burgers) up to 15 day and 22 day was observed in control and treated samples, respectively.

Microbiological analyses {#sec2-8}
------------------------

The initial APC in HM resulted high, probably due to the time elapsed from the capture to manipulation. In RT samples, the initial level of APC appeared slightly lower showing values of 5.1 log~10~ CFU/g. During storage a progressive increase in the APC, more pronounced in control samples than in MAP samples, was noted and in the third sampling interval the levels were 9.33 log~10~ CFU/g and 7.63 log~10~ CFU/g in the HM-C and HM-MAP and 9.23 log~10~ CFU/g and 7.13 log~10~ CFU/g in the RT-C and RT-MAP, respectively.

Enterobacteriaceae showed a trend comparable to the APC reaching on the 8^th^ day values of 7.89 log~10~ CFU/g (HM-C) and 6.29 log~10~ CFU/g (RT-C). These levels were observed in HM-MAP on the 15^th^ day but never in the RT-MAP.

*Pseudomonas spp*. was found always during the storage period: at a concentration of 8.1 log~10~ CFU/g in the HM-C and RT-C on the 8^th^ day, while in both MAP fish burgers this microorganism reached a maximum level of 4.1 log~10~ CFU/g ([Figure 3](#fig003){ref-type="fig"}).

With the increase in the number of the APC and *Pseudomonas spp*. a progressive decay of organoleptic characteristics was observed.

Sulphite-reducing clostridia, potentially pathogenic *Staphylococci* and *Salmonella spp*. were never isolated.

*L. monocytogenes* was constantly isolated both in raw material and in fish burgers during the whole sampling period: in particular on the 15^th^ day *L. monocytogenes* reached 5 log~10~ CFU/g and 4 log~10~ CFU/g in HM-C and HM-MAP and 2 log~10~ CFU/g and \<2 log~10~ CFU/g in RT-C and RT-MAP, respectively. The strains were all classified as serotype ½ b.

Nutritional value {#sec2-9}
-----------------

[Table 1](#table001){ref-type="table"} shows the nutritional value of fish burgers. As regards the energy value, HM fish burgers developed 178.5 kcal/100 g of product, less than RT samples (185 kcal/100 g of product). Fish burgers showed to be low fat preparations (8.8 g/100 g for HM and 7.5 g/100 g for RT) with a good protein content (14.5 g/100 g for HM and 15.3 g/100 g for RT). Purely structural carbohydrates were present due to the presence of rice, legumes and potatoes. The percentages of saturated fatty acids showed very low values (higher in RT fish burgers). The sodium content resulted \< 1 % in both types of fish burgers.

Discussion {#sec1-4}
==========

The formulation of the fish burgers met the approval of the target consumers. The mixing of natural ingredients (vegetable and animal origin products) made possible both the enhancement of the organoleptic characteristics and the proposition of a meal (2 fish burgers for a total of 80 g per capita) with an excellent balance of nutritional values suitable for children needs during the growth age, with micro and macro elements, in balanced proportions, and a low calorie intake.

Results showed that from the sensory point of view, fish burgers stored with MAP had a longer shelf-life due to retained appearance and unchanged colour until the 18^th^ day of storage. These findings are supported by the protein degradation indexes and spoilage bacterial species that showed lower values in the samples packaged in MAP compared with the control.

It should however be emphasised that even if the organoleptic characteristics make the MAP samples marketable up to the 18^th^ day and control samples up to the 12^th^ day, considering the high levels of TVB-N, TMA and the bacterial counts, the shelf-life should be reduced in our opinion to 8 days for the control and to 15 days for packaged samples. This shelf-life should allow food business operators to plan the supplies once a week.

As far as microbiological analyses are concerned no limits are established for APC for this type of product. The International Commission of Microbiological Standards for Foods (ICMSF, [@ref13]) proposed a maximum level of 7 log~10~ CFU/g of APC for the acceptance of certain fish preparations (steaks, fillets, *etc*.). Taking into account these levels, control samples would no longer be marketable from the 8^th^ day whereas MAP fish burgers exceeded this limit only in the last sampling interval. *Pseudomonas spp*., which together with *Aeromonas spp*. belongs to the microflora defined by Gram and Dalgaard ([@ref11]) as specific spoilage organisms of fresh and processed fishery products, should be considered the main bacterial microrganisms responsible for the off flavour of these products when the number exceeds the value of the 7 log~10~ CFU/g. (Giuffrida *et al*., [@ref10]). The isolation of *L. monocytogenes* deserves a particular consideration. There is evidence that not all *L. monocytogenes* strains are pathogenic or present the same level of virulence. Only few (1/2a, 1/2b, and 4b) of the thirteen *L. monocytogenes* serotypes appear to be most frequently involved in foodborne outbreaks (EFSA, [@ref7]). The isolated serotype is one of the most pathogenic agent of invasive listeriosis (EFSA, [@ref7]); Parameters associated with the presence of the bacterium include food packaging type, preparation practices (*e.g*. the use of slicing machines for meat products), storage temperatures, the stage of sampling with respect to shelf-life, the lack of an effective HACCP system and the lack of education and training of food handlers (Lewis *et al*., [@ref20]; Lianou and Sofos, [@ref21]; Sagoo *et al*., [@ref26]). According to EC Regulation n. 2073/2005 on microbiological criteria for foodstuffs, the limit for *L. monocytogenes*, as food safety criteria for food ready to eat, is 100 CFU/g. The presence of *L. monocytogenes* in products to be cooked before consumption, as fish burgers, can therefore be considered of minor importance since the product must undergo a baking. This is an important characteristic for food safety since the bacterium is not able to survive and multiply cooked food (ICSMF, [@ref15]). In the HACCP-based procedures, the finding of *L. monocytogenes* requires however appropriate measures to identify the sources of contamination, considering that the temperature and pH conditions of the products can allow the growth of the pathogen during storage. However *L. monocytogenes* was not isolated from the swabs on the tools used for mixing the different ingredients in the factory where fish burgers were prepared.

Conclusions {#sec1-5}
===========

The possibility to diversify methods of presentation and preparation using raw material of excellent quality could be an interesting enhancement tool of the so-called *poor fish*. Hospital or school canteen could insert this kind of product in their menu in order to sensitise children to fish consumption. Moreover, by diversifying the production of this kind of fresh foods, the fish production of marginal areas might give added value to a product with potential and remarkable profit margins.

![Trend of sensory evaluation: overall acceptability (A), colour (B), texture (C), odour (D), flavour (E), spice (F).](ijfs-2017-1-6373-g001){#fig001}

![Physical-chemical analyses in fish burgers: trend of total volatile basic nitrogen (A) and trimethylamine (B).](ijfs-2017-1-6373-g002){#fig002}

![Microbiological analyses in fish burgers: trend of aerobic plate count (A), *Enterobacteria* (B), and *Pseudomonas* spp. (C).](ijfs-2017-1-6373-g003){#fig003}

###### 

Nutritional value of fish burgers.

  Average values per 100 g   HM      RT
  -------------------------- ------- ------
  Calories (kcal)            178.5   185
  Proteins (g)               14.5    15.3
  Carbohydrates (g)          12.5    15
  Sugars (g)                 3.7     4.1
  Fat (g)                    8.8     7.5
  Saturated fat (g)          0.5     2.1
  Sodium (g)                 0.9     0.52

HM, horse mackerel; RT, rainbow trout.
